Abstract. Frizzled (Fz), a receptor of Wnt ligands, plays key roles in liver carcinogenesis. Its expression was analyzed as part of a search for a target of molecular therapy for hepatocellular carcinoma (HCC) and hepatoblastoma (HB). Fz genes were analyzed by RT-PCR in HCC cell lines HLE, HLF, PLC/PRF/5, Huh-7 and Hep3B, HB cell lines Huh-6 and HepG2, HeLa cells, human normal fetal and adult liver. We transfected PLC/PRF/5, HLE, Huh-6, and HeLa cells with Fz9-small interfering RNA (Fz9-siRNA). Five days after transfection, cell proliferation was analyzed by MTS assay and cell motility by wound assay with H&E staining. Subsequently, the expressions of cyclin D1 and caspase-3 were analyzed by Western blot analysis. Fz9-siRNA decreased the expression of Fz9 gene in all cell lines. MTS assay showed that Fz9-siRNA significantly suppressed cell proliferation and cell motility in all cell lines. The expression of cyclin D1 was also suppressed by Western blotting. Cleaved caspase-3 did not appear and apoptosis was not observed in any of the cell lines tested. We demonstrated that Fz9 plays an essential role in carcinogenesis of HB and HCC, concluding that Fz9-siRNA could represent a useful therapeutic target for HB and HCC.
Introduction
The Wnt signalling pathway plays a crucial role in regulating cell growth and differentiation. Constitutive activation of the Wnt pathway causes abnormal cell growth and cancer (1) (2) (3) . Frizzled (Fz) is a cell surface receptor that mediates the actions of Wnt ligands, and 10 members of the Fz family genes have been identified based on structural and functional homologies (4, 5) . Fz genes have been implicated in carcinogenesis and embryogenesis in previous studies. Their expressions are upregulated in gastric, colon, breast, and renal cell carcinoma, suggesting that Fz genes are involved in carcinogenesis (6) (7) (8) (9) (10) (11) (12) .
Regarding liver carcinogenesis, Fz genes play a crucial role. Hepatocellular carcinoma (HCC) arises in liver of Fz7 transgenic mice (13) . Fz3, Fz6 and Fz7 genes are upregulated in HCC tissues, compared with surrounding nontumor tissues (14, 15) . However, because Fz3, Fz6 and Fz7 are expressed in surrounding non-tumor tissues, their clinically mediated inhibition may give rise to adverse effects. If a Fz gene would not be expressed in surrounding non-tumor tissues, it would be a good candidate for molecular therapy for HCC by inhibition of its activity. However, there is no literature on any Fz gene being expressed in tumor tissues while not expressed in surrounding non-tumor tissues. We thus analyzed the expressions of Fz genes of HCC cell lines, hepatoblastoma (HB) cell lines as well as HeLa cells, in an attempt to discover a novel therapeutic target.
Materials and methods
Cell lines and culture conditions. Human HB cell lines (Huh-6 and HepG2) and HCC cell lines (PLC/PRF/5, HLE, HLF, Huh-7 and Hep3B) were purchased from RIKEN Cell Bank (Tsukuba, Japan) and cultured in Dulbecco's minimum essential medium (DMEM; Sigma, St. Louis, MO) supplemented with 10% fetal bovine serum (FBS) (Trace Scientific, Melbourne, Australia) in 5% carbon dioxide at 37˚C in a humidified chamber. Cells were spread onto 10-cm dishes (Asahi Techno Glass, Funabashi, Japan) for Western blot analysis, 4-well chamber slides for wound assay (Iwaki, Tokyo, Japan), or 96-well flat bottom wells for proliferation assay (Asahi Techno Glass).
Reverse transcriptase-PCR. Total RNA (5 μg), isolated with Isogen (Nippon Gene, Tokyo, Japan), was used for first-strand cDNA synthesis with SuperScript III and oligo (dT) following the manufacturer's instructions (Invitrogen Japan K.K., Tokyo, Japan). RNAs of human fetal whole liver and human adult whole liver were purchased from Takara Bio (Kyoto, Japan). Polymerase chain reaction (PCR) was performed with Taq DNA polymerase (Applied Biosystems Japan, Tokyo, Japan). PCR primers, annealing temperature, number of cycles, and the length of the amplified products were as SiRNA transfection. Transfection of siRNA of Fz9 (Fz9-siRNA) (Invitrogen Japan K.K.) was carried out using Lipofectamine 2000 (Invitrogen Japan K.K.) and Opti-MEN (Invitrogen Japan K.K.), according to the manufacturer's protocol. Briefly, siRNA and Lipofectamine 2000 were diluted in Opti-MEN at room temperature for 5 min, separately. Then the diluted siRNA and Lipofectamine 2000 were incubated for a further 20 min at room temperature for complex formation. The medium was aspirated from each dish or well, and the complexes were added to cultured cells. Transfection efficiency was analyzed as ~80% in PLC/PRF/5 and HeLa cell lines, and 90% in HuH-6 and HLE cell lines, respectively, with a fluorescein isothiocyanate (FITC)-labelled oligodeoxynucleotide (Invitrogen Japan K.K.) under this transfection condition (data not shown).
Cell viability assay. Freshly thawed cells were seeded onto 10-cm dishes. When they reached sub-confluence, they were trypsinized, harvested, and spread onto 96-well flat-bottom plates (Asahi Techno Glass) at a density of 1000 cells per well. Following 24 h of culture in DMEM with 10% fetal bovine serum, transfection was performed at a final concentration of 200 nM of siRNA in each well. As negative control, mock, Lipofectamine 2000 alone was used. Five days after transfection, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) assay was performed according to the manufacturer's instructions (Promega Corp., Tokyo, Japan). MTS is bioreduced by cells into a coloured formazan product that reduces absorbance at 490 nm. The absorbance was analyzed with a multiple plate reader at a wavelength of 490 nm with a Bio-Rad Model 550 microplate reader (Bio-Rad, Hercules, CA).
Western blot analysis. Cells grown in culture dishes were transfected at ~70% confluence, at a final concentration of 200 nM of siRNA. At 5 days after transfection, the cells were harvested for Western blot analysis. Protein (20 μg) isolated from cultured cells was subjected to SDS-PAGE, and transferred to a nylon filter. The primary antibodies were polyclonal rabbit anti-human Fz9 (Lifespan Bioscience, Seattle, WA), polyclonal rabbit anti-human cyclin D1 (Cell Signalling Technology Japan K.K., Tokyo, Japan), monoclonal rabbit anti-human caspase-3 (Cell Signalling Technology Japan K.K.), and mouse monoclonal anti-·-tubulin antibody (Lab Vision, Fremont, CA). The second antibodies were HRP-linked anti-rabbit antibody (Amersham Bioscience, Tokyo, Japan) and HRP-linked anti-mouse antibody (Amersham Bioscience). Dilutions were 1:500 for the primary antibodies and 1:1000 for the second antibodies. The filters were reprobed with tubulin-·. The specific antigenantibody complexes were visualized by enhanced chemiluminescence (Amersham Bioscience). The immunoreactive bands were normalized with tubulin-· and analyzed using Scion imaging software (Scion Imaging, Frederick, MD).
Wound assay. Cells were spread onto 4-well chambers (Iwaki). After 24 h, transfection was performed at a final concentration of 200 nM of siRNA in each well. Five days after transfection, sheets of cells were cut with a sterile razor. Two days later, cells were stained with hematoxylin-eosin and observed under a microscope. For each experiment, the number of cells migrating >50 μm of cut surface was counted in five different fields for each slide.
Statistical analysis. Cell proliferation was analyzed statistically with one-factor analysis of variance using Statview (version 5.0; SAS Institute Japan, Tokyo, Japan). A P<0.05 was accepted as statistically significant. 
Results
Expression of Fz genes. The expressions of 10 Fz genes were analyzed by RT-PCR in human fetal and adult liver, and in HCC and HB cell lines. Fz3 and Fz9 genes were expressed in all HCC cell lines, HB cell lines and HeLa, but they were not expressed in normal fetal and adult liver (Fig. 1) . Other Fz genes were expressed in normal fetal and adult liver.
Suppression of cell proliferation. First, we focused on Fz3, as it was expressed in HCC cell lines consistently according to a previous report (15) . To investigate the role of Fz3 in cell proliferation, we transfected PLC/PRF/5, HLE, Huh-6 and HeLa cells with Fz3-siRNA. Five days after transfection, cell viability was analyzed by MTS assay. Fz3-siRNA did not suppress cell proliferation (data not shown). Fz9-siRNA was then transfected, and the expression of Fz9 was analyzed by Western blotting (Fig. 2) . The expression level of Fz9 of cells transfected with Fz9-siRNA was observed to decrease compared to the corresponding mock in all cell lines (Fig. 2) . MTS assay showed that Fz9-siRNA significantly suppressed the proliferation of all cell lines (Fig. 3) .
Wound assay. Wound assay was performed to unveil the role of Fz9 in cell motility (Fig. 4) . Fewer cells migrated >50 μm in PLC/PRF/5 cells than mock, while no cells migrated >50 μm in HLE, Huh-6 and HeLa cells, indicating that Fz9-siRNA significantly suppressed cell motility (P<0.05).
Western blot analysis.
To determine the role of Fz9 in the cell cycle or apoptosis, the expressions of cyclin D1 and caspase-3 were analyzed by Western blotting (Fig. 5) . The levels of cyclin D1 after Fz9-siRNA transfection decreased in all cell lines. On the other hand, the expression levels of (Fig. 4A) .
Discussion
Human Fz9 is expressed in the brain, testis, eye, skeletal muscle and kidney, but not in liver (16) . Our RT-PCR also showed no expression of Fz9 gene in human adult liver, consistent with the previous report. This finding suggested that Fz9 played only a slight role in liver development. Since Fz9 is expressed in brain and skeletal muscle, its deletion causes musculoskeletal anomalies and neurological problems in Williams syndrome (16, 17) . Fz9 expression in human astocytoma and glioblastoma was significantly higher than in normal brain (18) . Interestingly, Fz9 is not originally expressed in astrocytes, and tumor cells acquired the expression of Fz9 (19) . The expression level of Fz9 increases as tumor cells become less differentiated. Increased expression of Fz9 is involved in the carcinogenesis of astrocytoma and glioblastoma, and the expression of Fz9 increased markedly in colorectal cancer compared to normal tissues (10). Our results showed that Fz9 was expressed in all cell lines, and indicated that Fz9 was involved in carcinogenesis, although the detailed mechanisms remained elusive. The biological significance of the result that Fz9 was expressed in HCC and HB cell lines still needs to be unravelled. MTS assay revealed that Fz9-siRNA significantly suppressed the proliferation of all cell lines. We then used Western blotting to examine the expression of cyclin D1, known to be deeply involved in the cell cycle (Fig. 5) , and found it to be significantly down-regulated in all cell lines transfected with Fz9-siRNA. Subsequently, caspase-3, a target effecter of apoptosis, was analyzed. Its cleaved form was not detected at all, while the expression level of the 35 kDa form was not changed. This indicates that Fz9 suppressed cell proliferation via the cell cycle, not through apoptosis. This hypothesis was supported by the result of H&E staining, that pyknotic cells were not observed (Fig. 4A) .
A previous study reported that Fz3, Fz6 and Fz7 were upregulated in tumor tissues compared to non-tumor ones (15).
In our experiments, Fz6 and Fz7 were not expressed in any of the cell lines tested, while Fz3 and Fz9 were expressed in all cell lines. These discrepancies could be explained by the fact that our study did not use quantitative RT-PCR, possibly obscuring differences in expression levels. Fz3 was a good candidate for molecular therapy since it was expressed in all cell lines and not in fetal and adult liver in our study, and it was up-regulated in tumor tissues in the previous study. Fz3-siRNA failed to suppress cell proliferation. The reason is not known, but Fz3 might not be involved in cell proliferation in HCC and HB.
Our result was the first concerning Fz9 being expressed in HCC and HB cell lines and not in fetal and adult liver. The previous report did not show its up-regulation. The reason for this discrepancy might be that tumor tissues contained noncancer cells, such as blood and endothelial cells, and the expression level of Fz9 might have been obscured. Our study was more accurate with pure cancer cell lines.
Fz7-siRNA suppressed cell proliferation (9) . However, as it was expressed in fetal and adult liver in our results, it was not suitable for molecular therapy. On the other hand, because of its non-expression in fetal and adult liver, Fz9 was considered potentially useful. No adverse effects were anticipated if Fz9-siRNA were applied in a clinical situation, since Fz9-siRNA would not be expected to affect surrounding normal liver. Fz9-siRNA may thus prove to be useful in a clinical setting.
In conclusion, we demonstrated that Fz9 played an essential role in cell proliferation and motility of HB and HCC. It was considered possible that Fz9 gene could represent a promising target for novel molecular therapy in HCC as well as HB.
